Objectives To evaluate the chest radiographs of children diagnosed with non-severe pneumonia on the basis of the current World Health Organization guidelines (fast breathing alone) for radiological evidence of pneumonia. Design Descriptive analysis. Setting Outpatient departments of six hospitals in four cities in Pakistan. Participants 2000 children with non-severe pneumonia were enrolled; 1932 children were selected for chest radiography. Interventions Two consultant radiologists used standardised WHO definitions to evaluate chest radiographs; no clinical information was made available to them. If they disagreed, the radiographs were read by a third radiologist; the final classification was based on agreement between two of the three radiologists. Main outcome measures Presence or absence of pneumonia on radiographs. Results Chest radiographs were reported normal in 1519 children (82%). Radiological evidence of pneumonia was reported in only 263 (14%) children, most of whom had interstitial pneumonitis. Lobar consolidation was present in only 26 children. The duration of illness did not correlate significantly with the presence of radiological changes (relative risk 1.17, 95% confidence interval 0.91 to 1.49). Conclusion Most children diagnosed with non-severe pneumonia on the basis of the current WHO definition had normal chest radiographs.
Introduction
Acute respiratory illnesses, primarily pneumonia, are the main cause of mortality in children under 5 years in most developing countries-they result in 1.9 million deaths each year. 1 To help reduce mortality from these diseases, the World Health Organization introduced case management guidelines based on simple clinical signs for diagnosing pneumonia followed by empirical treatment with antibiotics. 2 Standardised case management of pneumonia has resulted in a 30-40% reduction in deaths from this disease. 3 For management purposes, pneumonia is subclassified according to its severity. Children with lower chest indrawing or danger signs (central cyanosis, excessive sleepiness, inability to drink, convulsions) require admission and intravenous antibiotics, whereas those who only have fast breathing can be treated at home with oral antibiotics. 2 Most studies that evaluate the usefulness of clinical signs for detecting pneumonia are hindered by the lack of a uniformly accepted criterion for diagnosing pneumonia. The WHO case management guidelines are based on studies from the 1970s and early 1980s, which evaluated the usefulness of clinical signs for diagnosing pneumonia in children. Most of these studies used chest radiographs to diagnose pneumonia, [4] [5] [6] as did most studies to determine the aetiology of pneumonia. 7 8 Many of these studies compared the sensitivity and specificity of clinical signs in children with radiographic evidence of pneumonia, and the results showed that most of these children had fast breathing.
However, some children with fast breathing do not have pneumonia. Fast breathing can be caused by malaria, hyper-reactive airway disorder, and bronchiolitis with wheeze and fast breathing. [9] [10] [11] Other factors, such as fever, can also influence the respiratory rate. 12 WHO guidelines recommend that the respiratory rate is measured when the child is afebrile, calm, or feeding, 2 but this may not always be possible, especially in a busy outpatient setting.
Concern has therefore been voiced about using fast breathing as the only clinical sign for diagnosing pneumonia in children. 13 14 Many children diagnosed in this way may receive antibiotics unnecessarily, which could lead to increased resistance to antibiotics in the community. These issues can only be investigated by well designed aetiological studies of pneumonia. We analysed the chest radiographs of children aged 2-59 months who presented to a health facility with fast breathing and were diagnosed with non-severe pneumonia using WHO guidelines.
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Materials and methods
We analysed the radiological data from a prospective, randomised, double blind, placebo controlled trial that compared the effectiveness of three and five days of treatment with amoxicillin in community acquired non-severe pneumonia, defined according to the WHO guidelines. The trial was carried out in the outpatient departments of six hospitals in the cities of Gilgit, Islamabad, Lahore, Multan, and Rawalpindi in Pakistan. The outcomes of this trial have been published elsewhere. 15 No chest radiographs were done at the Gilgit site. All other children had chest radiographs taken at enrolment. Some of the radiographs were not readable (figure). All chest radiographs were sent to the coordinating centre at the Children's Hospital, Islamabad, and read by two paediatric radiologists (SFK and MR), who were given no clinical information. Each paediatric radiologist gave his or her assessment independently. In case of disagreement chest radiographs were read by a third radiologist (SZ). Radiological findings were classified as pneumonia, bronchiolitis, and normal.
We defined radiological evidence of pneumonia as radiologically appreciable pneumonia reported by at least two of the three radiologists, who used a standardised case report form developed by WHO for classifying parenchymal changes into predefined radiological categories. 16 These radiological changes were then further defined according to the quadrants in the right and left lung fields. Parenchymal changes were classified into nine categories (table 1) . No radiological evidence of pneumonia was defined as normal.
Data collection and analysis
We used a set of specially designed case report forms to record data. Radiological data were entered twice and validated. EPINFO 6.04 and SPSS 11.0 software programs were used for analysis. We used the statistic, which measures the degree of inter-rater agreement over and above that expected by chance, to assess agreement between individual radiologists. To compare groups, we used the 2 test for categorical variables and the Student's t test for continuous variables. In univariate analysis, we recoded the continuous variables, such as age and duration of illness, to categorical variables. We report estimates of relative risk, 95% confidence intervals, and P values for the categorical variables but only P values for continuous variables.
Results
In total, 2000 children were enrolled in the study, and 1848 chest radiographs were available for assessment by radiologists. Radiologist 1 (SFK) and radiologist 2 (MR) read all the chest radiographs. Radiologists disagreed on 371 radiographs, which were then analysed by a third radiologist (table 2). Radiologists 1 and 2 agreed about 1477 radiographs ( = 0.46; table 3).
The final classification of the radiographs was based on agreement between two of the three radiologists. Of the 1848 chest radiographs examined, 263 (14%) were reported as having radiological evidence of pneumonia. Lobar consolidation was present in only 26 children and most of the others had interstitial parenchymal changes. A further 66 (4%) radiographs were thought to be consistent with the diagnosis of bronchiolitis. The remaining 1519 (82%) radiographs were reported as normal ( fig  1) . Table 4 shows the baseline characteristics of children with and without evidence of radiological pneumonia. No statistically significant differences were found. Of the 415 children who had wheeze at enrolment, 350 (84%) had normal chest radiographs. The duration of illness did not correlate significantly with the presence of radiological changes (relative risk 1.17, 95% confidence interval 0.91 to 1.49).
Discussion
Most children who were diagnosed with non-severe pneumonia on the basis of fast breathing had no radiological evidence of pneumonia. Chest radiographs are thought by many to be the best method for diagnosing pneumonia. 17 Chest radiographs are not recommended for diagnosing pneumonia in most developing countries because the facilities are often not available. The interpretation of radiographs is difficult in young children and is affected by the radiographer's experience and the amount of clinical information available. 18 Moreover, chest radiography cannot reliably distinguish between viral and bacterial pneumonia and is often unable to detect early changes of pneumonia. 19 Drawbacks of chest radiography include exposure to ionising radiation, cost, the time and space used, and the need to wait for the radiograph and see the clinician again. The WHO case management guidelines therefore still recommend the use of simple clinical signs to diagnose pneumonia. Radiological results in children diagnosed with non-severe pneumonia on the basis of fast breathing alone WHO guidelines aim to help reduce mortality from pneumonia by standardising the management of children with acute respiratory illnesses, particularly in developing countries where health workers have limited skills. These guidelines are also designed to rationalise the use of antibiotics. The severity of disease in children varies from self limiting upper respiratory tract infections that need only supportive care to disease that requires immediate referral to a well equipped health facility. In the middle are children who are not sick enough to be referred but need oral antibiotics as part of their home management. After the introduction of standard case management of acute respiratory illnesses, both a reduction in mortality and an improvement in appropriate use of antibiotics were seen. 3 20 Current WHO definitions for classifying pneumonia need to be more specific. Some argue that chest radiographs cannot detect early changes of pneumonia and, therefore, radiographs can be normal in some children with pneumonia. Our data do not support this argument. The incidence of radiological changes was similar in children whose illness lasted longer than three days and those who presented much earlier. Our data therefore indicate that most children with normal radiographs probably did not have pneumonia.
Previous data show that a proportion of non-severe pneumonia is viral in origin, so that the use of antibiotics could be reduced by improving the specificity of WHO definitions of non-severe pneumonia. 7 17 Fever has been identified as the best predictor of infection that requires treatment with antibiotics as children with fever were sicker, had a higher incidence of radiological changes, and stayed in hospital longer. 21 Current WHO guidelines do not include fever as a sign for classifying pneumonia or assessing prognosis. The value of this clinical sign for identifying those children who would benefit from treatment with antibiotics should be assessed.
In our study most children with wheeze had a normal chest radiograph. Wheeze is associated with respiratory syncytial virus, 7 and antibiotics in children infected with this virus are of little benefit. 7 22 The current generic integrated management of childhood illnesses guidelines do not include a separate algorithm for children with wheeze, although some countries have adapted these guidelines to include management of wheezing. The guidelines recommend giving two doses of rapid acting bronchodilator to children with wheeze before reassessing them for prescription of antibiotics. All children who do not respond to two cycles of inhaled bronchodilator are classified as having pneumonia and given an antibiotic. 2 Children with bronchiolitis do not respond well to bronchodilators, 23 therefore, using current WHO guidelines children with wheeze may still be given antibiotics unnecessarily. It is important to improve the assessment and management of children with wheeze. This will also help increase the specificity of diagnosing pneumonia and improve the rational use of antibiotics.
Conclusion
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What is already known on this topic
Chest radiographs are the best method for diagnosing pneumonia, but they are often not available in developing countries
World Health Organization guidelines therefore use fast breathing alone for the diagnosis of non-severe pneumonia, but fast breathing can have causes other than pneumonia
What this study adds
Most children diagnosed with non-severe pneumonia on the basis of fast breathing alone have normal chest radiographs, and many of these children may receive antibiotics unnecessarily WHO definitions of pneumonia need to be more specific Research
